Abstract Cervical cancer is a common and deadly disease, especially in developing countries. We developed and implemented an interactive, tablet-based educational intervention to improve cervical cancer knowledge among women in rural Malawi. Chichewa-speaking adult women in six rural villages participated. Each woman took a pretest, participated in the lesson, and then took a posttest. The lesson included information on cervical cancer symptoms, causes, risk factors, prevention, and treatment. Over the 6-month study period, 243 women participated. Women ranged in age from 18 to 77 years. Only 15 % had education beyond primary school. Nearly half of participants (48 %) had heard of cervical cancer prior to viewing the lesson. For these women, the median number of correct responses on the pretest was 11 out of 20; after the lesson, they had a median of 18 correct responses (p<0.001). After the intervention, 93 % of women indicated a desire for cervical cancer screening. Despite lack of familiarity with computers (96 %), most women (94 %) found the tablet easy to use. A tablet-based educational program was an effective, feasible, and acceptable strategy to disseminate cervical cancer information to women with low education in rural Malawi. This method may be appropriate to distribute health information about other health topics in low-resource settings.
Introduction
Cervical cancer is a common disease and deadly unless diagnosed early. Each year, around 500,000 new cases are diagnosed worldwide, 80 % of which occur in developing countries [1] . Sub-Saharan Africa has a particularly high rate of cervical cancer; in Malawi, 75.9 out of every 100,000 women develop cervical cancer each year [2] . Screening is key to decreasing cervical cancer morbidity and mortality; however, only 3 % of women in Malawi have ever been screened [3] . By the time cervical cancer is detected, most women have advanced disease and prognosis is poor [4] . Treatment is also available only in large urban hospitals and remains out of reach for most women. For these reasons, 80 % of Malawian women who develop cervical cancer die from this disease [1] .
Studies in Malawi suggest that while women are widely aware of cervical cancer, they hold a great deal of false information on the causes, symptoms, screening, and treatment of this disease [5] [6] [7] . Therefore, educational efforts to correct misinformation, especially as screening becomes more widely available, may greatly impact women's decision to seek screening. In recent years in the USA, educational interventions administered on portable tablet computers have been used for patient education on various diagnoses and therapies, including diabetes, prostate cancer, and contraception [8] [9] [10] .
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These programs bring unique advantages: mobility, fidelity, and cost-effectiveness [8] [9] [10] [11] [12] . However, little research has assessed whether tablet-based educational interventions are acceptable, feasible, or effective outside of the USA, especially in rural areas.
We developed and tested a tablet-based educational intervention for rural Malawian women, to inform this population about the causes, symptoms, screening, and treatment of cervical cancer. We hypothesize that interactive educational messages delivered via tablet can be an effective and feasible method to disseminate information about cervical cancer and other reproductive health topics to populations in rural Africa.
Materials and Methods
In this study, we assessed a new cervical cancer educational intervention. Participants completed a pretest on cervical cancer knowledge, participated in the tablet-based educational program, and then completed a posttest. We evaluated knowledge before and after the intervention.
Study Team
The study was conducted through a collaboration between Ohio State University, the University of Malawi College of Medicine, and the nonprofit organization Child Legacy International. As part of an earlier study, this team had observed that cervical cancer was a dominant health concern for women in this community; the educational intervention was developed to respond to these concerns.
Study Setting and Population
The study was conducted from July to December 2014 in six villages in Central Malawi. The selected villages surround a health facility, Child Legacy International, in a rural district of Lilongwe; the facility serves a catchment area of 68 villages and more than 20,000 people. The six study villages were chosen for convenience based on their proximity to the health facility. Every household in each selected village was approached to recruit participants. All Chichewa-speaking women aged 18 or older were eligible to participate.
Educational Program and Survey Materials
The content of the educational program included the following: (1) anatomical and etiological information; (2) information on local availability of screening and treatment; and (3) correction of misconceptions about cervical cancer causes, screening, and treatment. Misconceptions addressed by the program had been identified from the published literature [5, 6] and from formative focus groups with the target population.
The content was developed in English, reviewed by a cervical cancer expert outside the primary study team, and translated into Chichewa. All content was video-and audio-recorded and transferred into Keynote (Apple Inc., Cupertino, CA) for presentation. The content of the video, both in English and Chichewa, was piloted extensively by staff at the health facility to ensure that all information was presented in a culturally appropriate manner.
The video began with a short tutorial showing the participant how to use the device and interact with the screen. During the lesson, the participant encountered 12 Bopportunities for interaction.^About half of these opportunities allowed the participant to move forward or backward in the lesson by touching the screen with her finger or a stylus. The other half of the opportunities for interaction came in the form of Bquizq uestions, separate from the pretesting/posttesting, to engage the participant in learning. For example, after learning in the video about risk factors for cervical cancer, the participant was asked BTrue or False, HPV is a virus that is passed between sex partners during sex.^The participant then had the option to choose an answer on the screen. If the participant answered incorrectly, she had the opportunity to try again. If the participant had any trouble with the device during the opportunities for interaction, research staff was available to aid her.
Data Collection
In each study village, we held two meetings prior to the start of data collection-one with the village chief and one with women-to introduce the research team and explain the study objectives. All meetings were conducted in Chichewa, and all study materials were administered by native Chichewa speakers.
Following these meetings, a trained study staff member went door-to-door to recruit eligible participants individually from each household. After providing verbal consent, each participant completed a 15-min interviewer-administered pretest (available upon request) to assess demographic information and cervical cancer knowledge. The pretest was administered using the electronic data capture system MagPi (Magpi, Washington, DC). Participants who reported they had heard of cervical cancer completed the full pretest (Bpretest-posttest group^). By design, participants who reported they had never heard of cervical cancer (even with careful probing by the interviewer) subsequently skipped nearly all questions related to cervical cancer knowledge in the pretest and completed a shortened version that captured only demographic data. These participants are referred to as the Bposttest-only^group.
Following the pretest, each participant engaged in the 30-min tablet-based educational program. If the participant encountered problems with the administration of the program, the interviewer aided her and made note of difficulties.
At the end of the educational program, the interviewer administered a 15-min posttest, again using Magpi, to measure changes in cervical cancer knowledge, as well as to assess the feasibility and acceptability of the tablet-based educational program. All participants completed the full posttest, regardless of pretest completion. After the posttest, participants were given 1000 Malawian Kwacha (MK) (∼$3 USD at the time of the study) for their time.
Pretest and posttest data were uploaded nightly to the secure Magpi Web site.
Data Analysis
Demographic data are reported as frequency and percent (categorical data), and median and interquartile range (IQR) (continuous data). Pretest-posttest and posttestonly groups were compared with chi-square tests and Mann-Whitney U tests for categorical and continuous variables, respectively.
We graded the cervical cancer knowledge questions out of a total score of 20. To compare pretest and posttest scores, we used a paired t test to test. For the pretest-posttest group, we used McNemar's test to compare individual questions on the pretest and posttest. Additionally, we compared posttest answers to each individual question between the two groups (pretest-posttest and posttest-only) using Mann-Whitney U tests.
For acceptability and feasibility questions, we calculated frequency and percent. Data analysis was performed using Stata 13.1 (StataCorp, College Station, TX).
Ethical Approval
This project received ethical approval from the Ohio State University Institutional Review Board and the University of Malawi College of Medicine Research and Ethics Committee.
Results
Between July and December 2014, 243 women participated in the study. No eligible woman declined enrollment. Of participating women, 117 had heard of cervical cancer prior to the study (pretest-posttest group). The remaining 126 women completed a shortened version of the pretest (posttest-only group).
Study Sample Characteristics
The ages of the 243 participants ranged from 18 to 77 years with a median age of 29 (IQR 21 to 43 years). A majority (59 %) of women were married, 16 % were single, and the remaining 24 % were divorced or widowed. Most women had received little schooling, with only 15 % reaching higher than primary school and 21 % with no schooling at all. Three quarters of women reported a household monthly income of 20,000 MK (≈ $42) or less (Table 1) .
We observed some significant differences in the demographic characteristics of women in the pretest-posttest group versus the posttest-only group (Table 1) . Specifically, younger women, women who had attended more school, and women from one of the six villages more frequently answered that they had previously heard of cervical cancer, and thus were in the pretest-posttest group.
Pretest and Posttest Cervical Cancer Knowledge
Both the pretest and posttest asked about cervical cancer anatomy, symptoms, cause, risk factors, prevention, and treatment. Each question was given equal weight, and the final scores are reported out of 20. For the pretest-posttest group, the median pretest score was 11 and the median posttest score was 18 (p<0.001). The mean prepost difference for these 117 subjects was −5.73 (95 % CI −6.38, −5.09). For the posttest-only group, the median posttest score was also 18 (Fig. 1) .
For the pretest-posttest group, a question-by-question analysis was conducted to understand increases in knowledge following the educational program (Table 2) . We observed significant improvement on most questions. For example, for the question BCan cervical cancer be prevented?^32 % of pretest and 88 % of posttest participants chose the correct response (BYes^). In the section about risk factors, one question asked BEating contaminated meat-Does this increase, decrease, or not change a woman's chance of getting cervical cancer?Â bout one third (35 %) of pretest participants, vs. 73 % of posttest participants, chose the correct response (BNeither increases nor decreases^). The only question which did not show significant improvement was as follows: BHaving sex with multiple sex partners-Does this increase, decrease, or not change a woman's chance of getting cervical cancer?^: because 97 % of pretest participants chose the correct response (BIncrease^), there was no room for significant improvement.
We also performed a question-by-question analysis comparing posttest answers between the two groups (pretest-posttest and posttest-only). Those in the posttest-only group-who had not heard of cervical cancer prior to the study-performed significantly better than women in the pretest-posttest group on some questions about the causes and risk factors of cervical cancer (Table 2) .
Cervical Cancer Screening
On the posttest, 226 participants (93 %) stated that they would like to obtain cervical cancer screening. Of the 17 who did not want screening, all explained that they were either too old or not having sex, and thus did not feel at risk for cervical cancer. These women had a median age of 61 and most (76 %) were either divorced or widowed.
On both the pretest and posttest, women were asked, BWhat factors would encourage you to get cervical cancer screening?^On the posttest, women most commonly answered that experiencing the symptoms of cervical cancer would encourage them to get screening (n= 65, 29 %). Participants also stated that a screening test that is provided without paying a fee (12 %), painless (11 %), and at a nearby location (10 %) are encouraging factors. Participants were also asked, BWhat factors would discourage you from getting cervical cancer screening?^Some women identified distance from the testing site (8 %) or fear that the screening test was dangerous (6 %) as discouraging factors. However, most women did not identify any factors that would discourage them from screening.
Acceptability and Feasibility
All participants answered multiple questions about the acceptability and feasibility of the tablet-based lesson. The majority of participants had not used a computer (96 %) or smartphone (88 %) prior to the study. Most women preferred the tablet to learning from a person (76 %), and all participants wanted to learn about other health topics from the tablet (100 %) (Fig. 2) . In a freeresponse section at the end of the posttest, women showed overwhelming enthusiasm for the lesson and requested that the research team return with similar lessons.
Ease of tablet use was evaluated in two ways. First, the research assistant recorded how many times he or she needed to aid the participant during each of the Bopportunities for interaction.^Out of the 12 opportunities of interaction, participants needed assistance a median of two times per lesson. Ease of use was also evaluated by asking participants how easy or difficult it was to use the device and to interact with the screen: 94 % found the device easy to use, and 82 % specifically found touching the screen easy.
Discussion
We aimed to study the effectiveness, feasibility, and acceptability of a tablet-based educational intervention in a lowresource setting. Our intervention was effective, with significant improvements in posttest scores both among women with prior knowledge of cervical cancer and those who had never heard of this disease. An important finding was that posttest knowledge appeared to be the same for these two groups of women, suggesting that tablet-based education is equally effective irrespective of baseline knowledge. Question-byquestion analysis showed significant improvement in all areas of knowledge. Our intervention was also feasible. Despite very limited prior use of technology, participants required only modest assistance in operating the tablet and reported that the tablet was easy to use. Finally, our intervention was acceptable. Participants enjoyed using the device and enthusiastically indicated that they would like to learn about more health topics using this approach. Cervical cancer is a common and deadly disease in developing countries. Malawi in particular has an extremely high rate of cervical cancer, with an estimated age standardized rate of 75.9 per 100,000 [2] . Screening is one key component to cervical cancer prevention, but screening in Malawi is limited due to lack of knowledge about cervical cancer [3] [4] [5] [6] . In our study, roughly half of enrolled women had never heard of cervical cancer prior to their participation. Older women and women with little schooling were less likely to have heard of cervical cancer. Interestingly, in one village, nearly all women had heard of cervical cancer: with further investigation, we discovered that a woman from this village recently died from cervical cancer. This finding highlights the importance of social networks in the spread of health knowledge, a concept that is supported in the literature [13] .
Other studies have identified misconceptions about cervical cancer, including misunderstanding about pathogenesis, susceptibility, risk factors, and treatment of the disease [5, 6, 14] . Similarly, we found low understanding of nearly all aspects of cervical cancer, including a number of misconceptions that, to our knowledge, have not been previously identified. For example, prior to the intervention, many women thought that eating contaminated meat increased a woman's chances of developing cervical cancer. Our intervention was successful at debunking this myth. The pretest also revealed interesting baseline knowledge about medications and contraception. Many women thought that common medications, both traditional and modern (such as aspirin and antibiotics), could modify cervical cancer risk. Many women also thought that modern methods of contraception, specifically oral contraceptive pills and birth control injections, affected cervical cancer risk. The relationship between hormonal contraception and cervical cancer has been debated in the literature, with some finding an increase and some finding no change [15] [16] [17] . However, it is generally accepted that the benefits of contraception outweigh any potential increased risk of cervical cancer [17] . The appropriate way to address women's understanding of hormonal contraception in relation to cervical cancer risk is an area for further research. In our study, all areas of cervical cancer knowledge showed improvement on the posttest. Interestingly, the posttest-only group had higher median scores on a number of questions than the pretest-posttest group. Those with prior incorrect knowledge may have a harder time internalizing new information compared to those with no baseline knowledge [18] , possibly explaining the slightly improved performance of the posttestonly group.
In addition to an increase in knowledge, participants showed a great interest in obtaining cervical cancer screening following the intervention. The lesson promoted screening using visual inspection of the cervix with acetic acid (VIA), the recommended method of screening in low-resource areas [1] . Screening is generally recommended from age 30 to 50, with the highest rate of cervical cancer at ages 30-39 [19] . However, there is still a high rate of cervical cancer both below 30 and above 50, and there are no official age recommendations or limits for screening in Malawi. Therefore, we did not specify an age of screening in our intervention. Despite this, some of the older women indicated that they would not need screening because of their age. If screening of women over age 50 becomes feasible, an intervention targeted to women in this age group may be necessary.
Health education has been shown to be effective through many avenues, including promoting a healthy lifestyle [20] , improving rates of disease screening [21] , and increasing compliance with treatment [22] . Cervical cancer is just one example of a prevalent and deadly health problem that can be ameliorated through education. Technology-based methods such as computer-based and text message-based educational interventions have been studied throughout Africa for other healthcare topics and have shown great promise [12, 23, 24] . In recent years, educational interventions administered on portable tablet computers have been developed and bring unique advantages: mobility, interactivity, and cost-effectiveness [8] [9] [10] [11] 24] . However, little research has assessed whether tablet-based educational interventions are acceptable, feasible, or effective outside of the USA, especially in rural areas. Our study is one of the first to look at tablet-based education in a low-resource setting. Participants had extremely low levels of technology use prior to our study, yet they found the tablet highly acceptable. About half of the participants stated that others may have difficulty with the device. However, this is consistent with the idea that people often overestimate their own abilities compared to others, a phenomenon called Billusory superiority.^In reality, women only needed modest assistance with the device and found it easy to use. Participants enjoyed the lesson and expressed desire for future educational content to be delivered in this fashion. In addition to having great potential utility in rural Africa, the standardization of educational information permitted by tablet-based programs may also have value in higher-resource settings, including in medical clinics [25, 26] or schools [27, 28] in the USA. A limitation to this study is the design. As it was a pretestposttest design with the posttest administered immediately after the lesson, it was not possible to measure long-term or sustained changes in knowledge. Participants could have retained information only over the short term but may not have experienced a change in long-term knowledge. Additionally, we did not assess a change in screening behavior following the intervention, although plans to measure screening rates among women who received the educational lesson are currently being developed. Although there was no control group, each participant acted as her own control by taking the pretest. Despite this limitation in study design, given that our approach was a pilot study that used a new technology for this population, the design was appropriate for this study.
Our study is likely generalizable to other populations outside of the villages we sampled. The content of the intervention is likely generalizable to Malawi and other areas in SubSaharan Africa, with appropriate translation of content into local languages, addition of local misconceptions, and pretesting for cultural appropriateness.
Conclusions
We found that tablet-based interventions can be useful education modalities in low-resource settings, such as rural Malawi. This intervention was effective, feasible, and acceptable as a method cervical cancer education. Further utilization of tabletbased education in low-resource settings is warranted for both cervical cancer education and other health topics.
